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INSTRUCTIONS

1.
2.
3.

Do not write on this question paper
Answer questions ONE and any other three questions
Show all the relevant workings

QUESTION ONE (COMPULSARY)

a)

b)

a)

b)

Givenr, = 5i+ 3]+ kandr, = =31+ + 2k obtain a unit vector that is parallel to the

sumofr, and 7, (4mks)
Given u=(0,3,-4) and v=(1,-1,4).
Find ; i) the Euclidean inner product of u and v (2mks)

ii) the angle determined by u and v

Find the area of the parallelogram with vertices P(1,-2,3), Q(4,3,-1),R(2,2,1) and S(5,7,-3)
(7mks)

Show that the force field F = 2x1 + 6y is conservative force. (4mks)
A particle of mass 2kg starts from rest at the origin of an inertial coordinate system at t=0. A
force F = 21 + 4t) — 6tk is applied to it.

Find the; i) acceleration and

ii) velocity of the particle at any given time. (6mks)

QUESTION TWO
A block of metal having a mass of 50kg requires a horizontal force of 50N to drag it with a
uniform velocity along a horizontal surface. Calculate the coefficient of friction between the

block and the surface (take gravity=10m/s? (3mks)
Find the force constant of a spring that is stretched to 25cm by a mass of 0.6kg  (3mks)
Consider the vectors u=(0,0,1) and v=(1,0,4).

Find ;i) the orthogonal projection of uand v (5mks)
ii) the component of vectors u perpendicular to v (4mks)
QUESTION THREE

a) Ifx;a+y,b+z,c =x,a+ y,b+ z,c where a,b,c are non-coplanar then show
that; x; = x; 91 =V, 21 = 2, (7mks)
b) Given u=(2,-1,3) and v=(0,1,4) obtain a unit vector that is parallel to ux v (8mks)

QUESTION FOUR




a) Given a vector function F defined by F = e**i + sin(xy) j + xIn(xy)k.
obtain the DivF (7mks)

b) If an acceleration of a particle in as straight line with single harmonic motion
is w?x when the displacement from a central point is x. Prove that the
velocity of the particle is given by v = w?(a® — x?) where a is the
amplitude. (8mks)

QUESTION FIVE

a) |If a vector function F is defined by F = 2xyi + e*sinzk. Determine DivF
(7mks)
b) If = xzi — yj + 2x%yk . Find curlA (8mks)

QUESTION SIX

a) A mass M rests on a smooth horizontal plane and is attached by two inelastic
strings to to masses mj and m,, where m; > m, which hang over smooth
pulleys at opposite edges of the table. Find the acceleration of the system
and the tension in the strings. (10mks)

b) Find the work done in moving an object at a vector; r = 3i + 2j — 5k if the
appliedforce F = 2i —j—k (5mks)



Marking scheme

a) A=2i+4j+3k
2i+4j+3k

V29

b) U.V=-19
Cosf=——22—-0.895668

V25v18~

C) u=pq-= (31 51 '4)

V= pr:(ll 4l _2)

uxvs=
d) v kF =
e) a

a =

v

v

Question Two

a)

i j k
3 5 —4
1 4 =2
=6i+2j+7k
=v89 =
i j k

2/ 2X 2/ 2y % 2y

2X 6y 0

— %(2i + 4t + 6t% k)

= | +2tfj + 3t2 k

(i + 2tj + 3t2 k) dt

ti +t2) +t?k + c;, atv =0, t=0,¢1=0

=ti + t2j+ 3k



0.5

b) k =
_ 0.6 x10
T 025
= 24 N/M
C) Wi = 4_ (11 Or 4)
W, = (1,8/53/5)
W, = -4/5, 0, 3/5
Question Three
a) (x1-x2)a + (y1-y2)b +(z2—22)c =0
_ (y1—-y2)b (z1-12z2)c
C="a-x x1 — x2
yl — y2 z1 — 22
x1 -x2 x1 - x2
Y1 =Y2, Z1 = 2
b = Xl—XZ_Zl—ZZ
- y1—y2_y1— y2
X1 - X2 =0, -(21-22) =0
X1 = X2, 21 = 23
hence
X1 = X2, Y1 = Y2, Z1 = 22

b) Uxv=-71-8j+2k.

1
T V117 (-7i-8j+2K)

u

Question four

a) (d/dxi +d/dyj+d/dt k) (e*i” + sw (xy) j +x/nyty)



=4e™ + x cos (xy) +x/yty
b) X:=acoswt, dx/dt=v
VZ=aZw?sin?wt -(3)
X2w? = w?a’cos’wt _(4)

Add3to 4

V2 =W2( a2_ XZ)
Question five

a) (d/dxi +d/ dyj+d/dt") ( 2xyi + e* sin tk)
2y +e* cos t.

b) i j k
VA= {/dx d/dy d/dt

2

Xz y 2x%y

=2x% - (4xy—x) J+(0) k
=2x% + (x - 4xy) )

Question six

_ mg (sinx - m cos x) - m2g(sinB + m cos B)
ml +ma2

a

T=1/2{ Mlgsin® — MmlgcosO - mla + m2a + m2gsinB + MM2g cos}
b)W=  2i-J-K 3 +

=9)
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COURSE CONTENT/ COURSE DESCRIPTION

Vectors.Motion in a straight line.Relative motion.Connected bodies.Friction. Moment and
couples. Statistics of particles and rigid bodies. Centre of gravity and linear equations.

COURSE OBJECTIVES

By the end of the course students should be able to work out sums involving . Vectors.Motion in a straight
line.Relative motion.Connected bodies.Friction. Moment and
couples. Statistics of particles and rigid bodies. Centre of gravity and linear equations.

COURSE OUTLINE

WK | MAIOR TOPIC SUB TOPICS METHODOLOGY
1 Vectors. Dot and cross product
2 Motion in a straight line. lllustration on the board,
exercise
Relative motion Relative motion ”
3 .Connected bodies !
4 7
s ,,
6 Statistics of particles and Statistics of particles and rigid N
rigid bodies. bodies.
CAT1 “
7 Centre of gravity and N
3 ,,
9 Friction Frictional coeffient v
10 “
CAT 2




11 Moment and Moment and

Couples Couples
12 Moment and
Couples
13 COURSE EVALUATION
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